Abstract Separate biological elimination of nitrogen from the digester supernatant of a municipal wastewater treatment plant (WWTP) was investigated in pilot and full-scale plants. Denitrification mainly via nitrite was achieved in a sequencing batch reactor (SBR) and a continuous flow reactor (CSTR or SHARON). Suppression of nitrite oxidation in the SBR was feasible at short aerobic/anaerobic intervals allowing for immediate denitrification of the produced nitrite. Nitrate production could also be stopped by exposing the biomass to anaerobic conditions for 11 days. Temporarily high concentrations (up to 80 gNH 3 -Nm -3 ) of free ammonia could not be considered as the major reason for inhibiting nitrite oxidation. In a fullscale SBR plant 90% of the nitrogen load was denitrified in a total hydraulic retention time (HRT) of 1.6 days and with a sludge age between 15 and 20 days. Ethanol and methanol were used for denitrification. The specific average substrate consumption was 2.2 gCOD dosed g -1 N removed with an effective biomass yield of 0.2 gCOD biomass g -1 COD dosed . No dosing with base was required. In the SHARON process full nitrogen elimination was achieved only with a total HRT greater than 4 days at 29°C. The overall costs were estimated at €1.4 kg -1 N removed for the SBR and €1.63 kg -1 N removed in SHARON mode, respectively. The SHARON process is simple in operation (CSTR) but the tank volume has to be significantly greater than in SBR.
Introduction
Because of increasingly stringent directives for nutrient release into aquatic environments, many wastewater treatment plants face the prospect of aeration tank extension and/or introduction of anoxic zones. In WWTPs with sludge digestion, typically 15-20% of the nitrogen load is recirculated with the return liquors from dewatering. Separate treatment of this high strength flow could considerably reduce the total nitrogen concentration in the final effluent (Van Kempen et al., 2001 ). Compared to chemical or physical nitrogen removal, biological techniques, such as classical nitrification/denitrification are more cost effective (Siegrist, 1996) . However, reports on separate full-scale biological nitrogen elimination of digester effluents are still rare (e.g. Karsson, 1994; Wett et al., 1998) . A novel promising system for nitrogen elimination via nitrite is the SHARON ® process (single reactor system for high activity ammonia removal over nitrite), a continuous flow reactor without sludge retention (Van Kempen et al., 2001) . Denitrification via nitrite instead of nitrate, has the advantage that up to 25% of the oxygen and 40% of the carbon demand can be saved (Turk and Mavinic, 1987; Abeling and Seyfried, 1992) . Apart from the publications of the Dutch inventors, there is only little literature available about the feasibility and costs of this new process. Based on our pilot and full-scale results, this report compares the nitrogen removal potential via nitrite for digester supernatant in a sequencing batch reactor (SBR) and a SHARON system.
Sludge digester effluent has a very unfavourable COD:N ratio for denitrification and addition of an external carbon source is required. For complete nitrification alkalinity must be added (e.g. sodium hydrogen, lime) or regained by denitrification. The inhibition mechanisms of nitrite oxidation are not fully explained up to now. A selective inhibition of the nitrite oxidisers by free ammonia (NH 3 ) and nitrous acid (HNO 2 ) is often considered to be the main reason for nitrite accumulation (Anthonisen et al., 1976) , but nitrite oxidisers can acclimate to high ammonia concentrations (Turk and Mavinic, 1989) . In many reports the intermediate hydroxylamine (NH 2 OH) appeared to have a major impact on nitratation (e.g. Yang et al., 1992) . According to Wiesmann (1994) , nitrite oxidising bacteria have a higher half-saturation constant for oxygen and are therefore more sensitive to low oxygen concentrations than ammonia oxidisers. Therefore, the following conditions would minimise nitrate production: 1. Low oxygen concentration during nitrification. 2. Stop nitrification before all ammonium is used up (elevated pH with high free ammonia concentration). 3. Short aerobic/anaerobic intervals for immediate denitritation (Turk and Mavinic, 1989) . 4. Wash-out the nitrite oxidisers as in the SHARON process.
Materials and methods
Pilot and full-scale plants
• A pilot plant for SBR and CSTR operation (4.2 m 3 ) was equipped with membrane aeration, stirring and control and measuring devices. Sprinklers were installed to counter foaming. Digester effluent was taken from the top of the storage tank and presedimented in an equalisation basin (1 m 3 ) before addition to the pilot plant (from the second month onward). Excess sludge was removed with a floating pump during mixing in SBR operation and the same pump was also used to decant the treated water. Neither temperature nor pH were controlled. Decantation in the CSTR occurred during filling by overflow.
• In 1999 the first full-scale SBR application in Switzerland for nitrification/denitrification was constructed at the WWTP Bern by Cyklar AG (Nyhuis and Blunschi, 2000) . Two old grease removal tanks (total volume: 2 × 600 m 3 , maximal working volume: 1,000 m 3 ) were converted into two parallel sequencing batch reactors. The supernatant from sludge dewatering was collected and roughly sedimented in an equalisation tank (about 200 m 3 ). No caustic was added. The reactor was stirred during denitrification and after sedimentation a floating pump decanted the clarified supernatant. Both reactors were equipped with sprinklers against foaming. NO x -N, NH 4 -N, O 2 , pH and redox potential were monitored to control the process.
Operational conditions
• The SBR pilot plant was operated with six to eight cycles per day. In each cycle, about 20% of the reactor volume was displaced after sedimentation with reject water and the reactor was aerated for a fixed nitrification period. For denitrification methanol was added for a few minutes (regulated manually according to nitrogen loading) and the reactor was stirred on a time basis. After sedimentation the treated supernatant was purged. The operational strategy of the SBR full-scale-plant is shown in Figure 1 . The plant was operated with three cycles per day divided into different sub-cycles. Sedimentation and withdrawal made up only 15-20% of the total cycle length. Ethanol, received for free as a waste product from the medical industry, and methanol were used for denitrification.
• The SHARON process was operated at pilot scale for 3.5 months. For the first 70 days partial nitritation with continuous aeration was pursued. Afterwards the operation mode was switched to nitrification and denitrification by using intermittent aeration (30-90 minutes on, 90-30 minutes off, respectively).
• Oxygen uptake rate: Experiments were performed in a 2 L lab reactor using sludge from the pilot plant. Activities in terms of specific Oxygen Uptake Rate (OUR) for ammonium and nitrite oxidisers were measured. The pH was maintained at 8.0 by addition of 1 M NaHCO 3 and the reactor was equipped with a water jacket. The rate of the nitrite oxidisers was determined after inhibition of the ammonium oxidisers with 10 gm -3 Allylthiourea (ATU). • In the pilot plant, ammonium, nitrite and nitrate were measured colorimetrically after filtration with a flow injection analyser. Nitrate was partly also analysed on a ionchromatograph with a Dionex DX300. Alkalinity was determined by titrating the sample with hydrochloric acid to pH = 4.3. Chemical oxygen demand (COD) was measured with a HACH COD kit. Suspended solids (SS) of the supernatant and the effluent of the reactor were quantified with Whatman GF/F glassfibre filters (effective pore width: 0.7 µm). The biomass of the reactor was first centrifuged and then flushed on a paper filter (Schleicher & Schuell GmbH, (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) . At the SBR full-scale application at the WWTP Bern, 24-h composite samples from influent and effluent were taken daily. Dr. Lange test kits were used for total nitrogen (LCK 338) and total COD (LCK 514). The suspended solids were quantified with paper filters (Schleicher & Schuell GmbH, 0.8 µm) . The filtrate was analysed with Dr. Lange test kits for ammonium (LCK 302, 303 or 304) , nitrite (LCK 641) and nitrate (LCK 339 or 340).
Results and discussion SBR pilot scale application at the Werdhoelzli WWTP, Zurich
In the following two SBR experiments (102 and 131 days, respectively) the reactor was inoculated with activated sludge and fed with sludge digester liquid from the Werdhoelzli WWTP, Zuerich (370 ± 110 gSSm -3 , 720 ± 80 gNm -3 , 650 ± 70 gNH 4 -Nm -3 ). In the first experiment phase start-up was inhibited by high suspended solids concentrations in the influent during the first two months (up to 30 kgSSm -3 ). Operational problems also occurred because of foaming which was countered by sprinkling water. As long as no excess sludge was withdrawn the aerobic SRT was always above 20 days and MLSS in the reactor increased up to 10.5 kgm -3 . In the following two weeks the SRT was controlled and kept between 3 to 5 days. As a consequence the MLSS dropped to 3.3 kgm -3 resulting in high ammonia effluent concentrations (> 150 gNH 4 -Nm -3 ). Obviously an aerobic SRT of 3 to 5 days caused severe activity loss and SRT had to be kept higher than expected. The amount of excess sludge withdrawn was reduced again to keep the MLSS concentration between 5 and 8 kgm -3 for the remaining three weeks of operation. Low ammonium concentrations (< 20 gNH 4 -Nm -3 ) were detected in the effluent at an aerobic HRT of 0.6 d. The 1 2 3 1 2 3 1 2 3 2 4 5 Phases Figure 1 Typical cycle with different sub-cycles. 1 = fill and aeration, 2 = aeration, 3 = denitrification with organic carbon addition at the beginning of the phase, 4 = sedimentation, 5 = withdrawal. A short aeration period before sedimentation prevented possible COD breakthroughs in the effluent. Both full-scale SBRs at the WWTP Bern were operation according to this scheme ammonium conversion rate amounted to 1.1 kgNm -3 d -1 (0.23 gNg -1 MLSSd -1 ) and denitrification was at 5 kgNm -3 d -1 (1.0 gNg -1 MLSSd -1 , T = 29.2°C, pH = 6.7-7.8). Denitrification was always complete because methanol was added in excess. During the whole experiment, nitrite was the main intermediate product and nearly no nitrate was detected. In order to study the start-up phase again, the reactor was emptied after 84 days and inoculated again with activated sludge.
During the first two weeks of operation in this second experimental phase the HRT was held around 3.3 d to achieve complete ammonia oxidation (Figure 2 ). The pH variations in the SBR cycles were marginal in the first week of operation but very significant afterwards. Until t = 35 days no surplus sludge was withdrawn and biomass was only lost over the effluent. Consequently, the aerobic sludge age was above 20 days and the oxygen uptake rate of ammonia and nitrite oxidisers ("OUR,NH" in Figure 2 ) grew continuously and reached more than 25 kgO 2 m -3 d -1 (batch test, pH = 8, T = 30°C, sufficient aeration). In contrast to the first experimental phase, nitrite oxidation was not inhibited ("OUR,NO").
On t = 32 days 80% of the oxidised ammonium appeared as nitrate after aeration. The following reduction of the aerobic SRT to 2.5-6 days aimed to wash out the nitrite oxidisers but resulted in a wash-out of all nitrifiers. Stable operation with nitrate as the main intermediate was possible from t = 60 days to t = 74 days, with a SRT between 6 and 10 days and a HRT of 1.1 d. A typical SBR cycle at t = 71 days is shown in Figure 3 . Supernatant was added in the first half hour and after the aerobic phase (90 minutes) only nitrate was present. The oxygen concentration increased continuously during aeration and reached 3.1 gO 2 m -3 at the end of the aerobic period. Alkalinity as well as pH dropped during nitrification but increased again during denitrification. The nitrification rate approached 1.0 kgNH 4 -Nm 3 d -1 (0.13 gNH 4 -Ng -1 MLSSd -1 ) in the first hour but decreased rapidly due to ammonia limitation. A denitrification rate of 4.6 kgNO 3 -Nm 3 d -1 (0.60 gNO 3 -Ng -1 MLSSd -1 ) was measured. The two experiments discussed above were similar in terms of ammonia concentration, temperature, HRT, pH and O 2 . However, nitrification stopped at nitrite in the first experiment while mainly nitrate appeared in the second. The main difference observed during the process was the oxygen consumption rate, which was only about half as high in the first experiment, so that ammonium oxidation took place until the end of the aerobic phase (90 minutes). In the second experiment, however, the ammonium oxidation was already rather low after one hour of aeration and a considerable part of the aerobic cycle was therefore available for nitrite oxidation under low ammonia concentration. Turk and Mavinic (1989) reported that an extension of the aeration time alleviates the stress on nitrite oxidisers. Therefore, the longer the aerobic periods under low ammonia concentration the higher the nitrate build-up. This is in accordance with our results. However, we can not say whether nitrite oxidation is suppressed by free ammonia itself or an intermediate of ammonia oxidation (e.g. hydroxylamine).
After 77 days of operation the whole reactor was switched off and kept anaerobically without feed or aeration for 11 days. Two days after restart the ammonium elimination rate was quite the same as before shut-down but to our surprise nitrite oxidation was completely lost and did not recover for the remaining 41 days of operation. The oxygen demand was comparable with the first experiment. Nitrite oxidisers decay somewhat faster than ammonium oxidisers (Grunditz et al., 2001) , but there should still be some nitrate production after two weeks without feed under anaerobic conditions. This shows that denitrification over nitrite can be re-established by keeping the biomass under anaerobic conditions for some days. In this last period of the second experiment the HRT reached a minimum of 1.1 d and the aerobic SRT could not be lowered below 3-5 d. Gupta and Sharma (1996) also observed that for treating high nitrogen loads it is necessary to maintain SRT over the typical values for conventional systems.
SHARON pilot scale application at the Werdhoelzli WWTP, Zurich
Experiments in the SHARON mode were performed for 3.5 months. After 70 days of partial nitritation (results not discussed in this paper), the experiments started by withdrawing about 3 m 3 after sedimentation and adding of 1 m 3 return sludge from the main stream plant (inoculum) and 2 m 3 river water (dilution) (total: 4.2 m 3 ). The anaerobic HRT was kept at 20 days and denitrification was well established (Figure 4) . The nitrate concentration after aeration was always below 3 gNO 3 -Nm -3 . At a total HRT=5 d (50% aerobic) nitrogen was completely removed. Lowering the aerobic and anaerobic HRT below 2-3 d and 1-2 d respectively, resulted in a decreased activity (Figure 4 ). This result does not meet the design parameters for a full-scale SHARON ® system given in van Kempen et al. (2001) with 1.0 d aerobic HRT and 0.5 d anaerobic HRT respectively. However, protozoa may have influenced our research. Nitrification runs well at short aerobic HRT (1 d), when protozoa are washed out and at higher aerobic HRT (about 4 d) with a stable community of protozoa and bacteria. However, the system becomes unstable in the transition range due to this prey-predator interaction (van Loosdrecht, personal communication) .
At the end of the aerated phase the calculated average NH 3 concentration was 0.2 gNH 3 -Nm -3 . This indicates a substrate limitation, given the ammonia Monod affinity constant of 0.46 gNH 3 -Nm -3 reported by Hellinga et al. (1999) . Although the reactor was not heated the temperature remained between 28.5 and 29.5°C until t = 97 days due to the heat release of the biochemical reactions (influent: 26.3°C on average). Afterwards, because of the reduced nitrogen elimination, the temperature in the reactor dropped to 23°C.
On t = 87 days a concentration profile of the nitrogen compounds during a SHARON cycle was measured ( Figure 5 ). The removal rates during nitritation and denitrification at 28.9°C were 0.3 kgNH 4 -Nm -3 d -1 (0.34 gNH 4 -Ng -1 MLSSd -1 ) and 0.55 kgNO 2 -Nm -3 d -1 (0.62 gNH 4 -Ng -1 MLSSd -1 ) respectively. According to this cycle an aerobic HRT = 2.2 d and an anaerobic HRT = 1.2 d should be sufficient for complete denitrification.
SBR full-scale application at the WWTP Bern
The full-scale treatment plant was taken into operation in 1999 however, this report focuses mainly on results from the last 19 months of operation (May 2000 till December 2001). The reactors were filled with activated sludge as seeding material. The average supernatant flow was 577 m 3 d -1 with great variations from zero to nearly 900 m 3 d -1 depending on sludge dewatering. The average nitrogen load was 735 kgNd -1 . The reactors were operated at an average total HRT of 1.6 d (50% aerobic HRT, 30% anaerobic HRT and 20% for sedimentation and withdrawal). The composition of the influent and the effluent is presented in Table 1 . Problems with foaming were encountered only during the first months of operation.
The temperature in the reactors varied between 32 and 37°C with peaks up to 40°C. The pH ranged from 6.8-9.1 but normally stayed above 7.2. The MLSS concentration at the beginning of a new cycle (minimum level) varied between 4.8 and 18.3 gSSm -3 with an average of 9.9 gSSm -3 (64% VSS). At high MLSS concentrations, the system was very stable and not susceptible to load and pH variations but the oxygenation efficiency was low. Biomass sedimentation was satisfactory over the whole MLSS concentration range but best at low contents. Surplus sludge was irregularly withdrawn in small amounts. For more than 600 days, 91% ammonium removal efficiency was achieved and the nitrogen balance showed that denitrification accounted for 89% of the total nitrogen removed. About 7% of the inlet nitrogen was incorporated into biomass and less than 5% was discarded in a soluble form. The average elimination rates during nitrification and denitrification were 1.4 kgNH 4 -Nm -3 d -1 (0.16 gNH 4 -Ng -1 MLSSd -1 ) and 2.2 kgNO x -Nm -3 d -1 (0.24 gNO xNg -1 MLSSd -1 ), respectively. Immediate denitrification of the produced nitrite in the different sub-cycles resulted in an average specific COD consumption of 2.2 gCOD dosed g -1 N denitrified . This is consistent with 2.28 gCOD dosed g -1 NO 2 -N denitrified reported for the SHARON process by Hellinga et al. (1999) . In the last 300 days of operation the specific consumption dropped to 1.8 gCOD dosed g -1 N denitrified (Figure 6 ), with mainly nitrite in the effluent (Figure 7 , nitrogen concentration profile of t = 508 days). As long as nitrate accounts for most of the oxidised nitrogen in the effluent (t = 150-300 days), the specific COD consumption was above 2.5 gCOD dosed g -1 N denitrified . Abeling and Seyfried (1992) reported 2.08 gCOD dosed g -1 NO 3 -N and 1.56 gCOD dosed g -1 NO 2 -N using acetic acid. Decay products from hydrolysis of inlet COD in supernatant and lysis of bacteria grown in the reactor are significant electron donors for denitrification since the COD demand is expected to be in the range of 3.3 gCOD dosed g -1 NO 2 -N denitrified and 5.2 gCOD dosed g -1 NO 3 -N denitrified (Van Kempen et al., 2001) , respectively. For the effective biomass yield a value of 0.2 gCOD produced g -1 COD dosed was determined. Figure 7 Concentration profiles of soluble nitrogen compounds in SBR 1 (left) and operational parameters as well as degradation rates of both reactors on the right. No nitrate was detected in both SBR reactors. The degradation rates in these cycles correspond well to long term observations mentioned above. Denitrification rate was calculated at the beginning of the anoxic period
Inhibition of nitrite oxidisers
On t = 23 days (Figure 4 ) sludge from the SHARON reactor was washed, thickened, and divided into four batch tests (670 gMLSSm -3 ). Nitrite was added up to an initial concentration of 100 gNO 2 -Nm -3 to all tests but the free ammonia concentration was varied between 0.06 and 24.0 gNH 3 -Nm -3 and at the end of the last experiment it was increased from 24 to 80 gNH 3 -Nm -3 . The ammonia oxidisers were inhibited by Allylthiourea (ATU). The temperature was kept constant in all experiments at 30.1 ± 0.1°C and pH was maintained at 8.05 ± 0.4 with NaHCO 3 . The turnover rate of the nitrite oxidisers at 24 gNH 3 -Nm -3 and 80 gNH 3 -Nm -3 was reduced by about 10% in comparison with the other three batch tests at lower free ammonia concentrations (Figure 8) . In similar experiments, sludge from the SBR pilot plant did not show any decrease in nitrification up to 8 gNH 3 -Nm -3 (results not shown). These results indicate that at least short time exposure of nitrite oxidisers to high free ammonia concentrations is no major cause for inhibited nitrite oxidation.
Inhibition of ammonia oxidisers
Nitrous acid inhibition was examined in three batch tests containing the same biomass without nitrite oxidisers. Each reactor was supplied with 100 gNH 4 -Nm -3 but with different nitrite loads corresponding to an average concentration of 0.006, 0.087 and 0.162 gHNO 2 -Nm -3 respectively (including nitrite production during nitritation). The oxygen uptake rate as well as the ammonium elimination rate as a function of the nitrous acid concentration are depicted in Figure 8 (pH = 7.0 ± 0.05 and T = 30.0 ± 0.1°C). At 0.162 gHNO 2 -Nm -3 the ammonium degradation rate decreased by 20-25%, a reasonable value given the Monod inhibition constant of 0.21 gHNO 2 -Nm -3 reported in Hellinga et al. (1999) . Generally, nitrous acid inhibition is not problematic because the HNO 2 concentration remains below 0.05 gHNO 2 -Nm -3 as long as the pH remains above 7.2. Furthermore, finishing nitritation at pH around 7.2 prevents ammonia limitation. According to Wiesmann (1994) , the Monod ammonia affinity constant is 0.71 gNH 3 -Nm -3 which corresponds to 40 gNH 4 -Nm -3 at pH 7.2 and 35°C in the effluent. Finally, ammonia oxidisers can also be inhibited by their own substrate. Wiesmann (1994) reports an inhibition coefficient of 540 gNH 3 -Nm -3 . During stable operation the ammonium concentration in the reactor will not exceed 200 gNH 4 -Nm -3 , corresponding to 50 gNH 3 -Nm -3 (35°C, pH = 8.5). Therefore, some inhibition may occur just after filling at very high pH (> 9) but nitrification will not be continuously inhibited due to pH decrease.
Reactor size
The size of the SBR reactor depends on the influent nitrogen load, nitrification and denitrification rates and sedimentation properties. The average nitrification rate was 1.0 kgNm -3 d -1 at 29-30°C in the pilot plant and 1.4 kgNm -3 d -1 at 32-37°C in full scale. These results are in agreement with Wett et al. (1998) The volume of a SHARON reactor is determined by the hydraulic retention time. The minimal aerobic HRT in our experiments was 4 days at 30°C (2-3 d for nitritation and 1-2 d for denitrification, respectively). Therefore, at 35°C a total HRT of 3.5 d seems to be reasonable (2.0-2.5 d and 1.0-1.5 d). In comparison with the SBR reactor this is an increase in reactor size of over 100%.
Estimate of costs
The costs for treating sludge digester effluent are given in Table 2 for both applications. According to the results from the full-scale plant, nitrification over nitrite is feasible to the same extent as in the SHARON system. The investment costs for the SHARON process are higher due to the larger volume required. Both processes use more or less the same electrotechnical equipment. Operation and control of the SHARON reactor (CSTR) is assumed to be easier than a SBR. The specific COD addition and the sludge production are expected to be smaller in the SBR, due to the higher sludge age (denitrification in decay products).
Construction of a new tank for 500,000 population equivalents; N concentration: 1,200 gNH 4 -Nm -3 ; flow: 625 m 3 d -1 ; demanded denitrification: 85%; T reactor : 35°C; 80% denitrification over nitrite in both applications; HRT (including equalisation tank): SBR: 2.1 d, SHARON: 4.0 d; interest rate: 5%; civil engineering: €800 m -3 , depreciation: 30 years; electro-technical engineering: €400 m -3 but equal for both applications (depreciation: 15 years); €0.1 kWh -1 ; oxygen consumption: 10 gNm -3 m -1 ; repair/maintenance: 3% of electro-technical works; staff: 50% position for SBR, 40% for SHARON, 1.5 g -1 methanol dosed g -1 NO 2 -N; methanol: €0.20.-kg -1 ; effective yield: 0.2 gCOD produced g -1 COD dosed ; half of produced sludge is eliminated in the digester; treatment/disposal costs: €800 t -1 COD.
In contrast to literature no obvious reason can be seen why the SHARON process should be more economical than a SBR application at least as long as a new plant must be built (Van Dongen et al. (2001) : SHARON: €0.9-1.4 kg -1 N removed , other biological techniques: €2.3-4.5 kg -1 N removed ). Unused tanks on WWTPs are more likely available for a SBR with its smaller specific volume requirements and the operational costs are comparable. In any case, separate biological nitrogen elimination of digester supernatant is remarkably cheaper than physical or chemical applications (€4.5-11.3 kg -1 N removed , Van Dongen et al., 2001) .
Conclusions
Separate biological treatment of sludge digester effluents is one of the most economical ways of removing nitrogen in a WWTP. The overall costs were estimated at €1.4 and €1.63 kg -1 N removed , respectively, for nitrification/denitrification in a sequencing batch reactor (SBR) and in a continuous flow reactor (SHARON). However, in both processes all the ammonium needs to be oxidised, an external COD source is required for denitrification and excess sludge is produced and must be disposed of. With nitrification/denitrification a nitrogen removal efficiency of over 90% can be maintained in SBR and SHARON modes. The specific carbon consumption for denitrification 2.2 g -1 COD dosed g -1 NO 2 -N removed is rather low and future experiments must be performed to evaluate possible N 2 O production. No dosing of base is required. The reactor size in the SHARON process is based on the HRT, so that the nitrogen concentration of the supernatant does not determine the required tank volume. Because of its insensitivity to high concentrations of suspended solids in the liquor the SHARON process is relatively simple to operate.
